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2 
Abstract 1 
2 
From August to September 2015 (trial 1 (T1)) and September to November 2015 (trial 2 3 
(T2)), the effects of replacing concentrate feed (C) with alfalfa hay (AH) on the daily gain 4 
(DG), dietary energy utilization status and the economic advantage of AH feeding for 5 
growing beef cattle were studied in crossbred male Simmental calves (n = 18) in Gansu 6 
Province, China. The target DG was set as 1 kg for the both trials. Animals in each trial 7 
were allocated to a conventional feeding group (CTRL), a low-level AH feeding group 8 
(LA), and a high-level AH feeding group (HA). In a one-way-layout design, they were fed 9 
iso-energetic experimental diets comprising harvested corn stover (CS) and C (T1-CTRL, 10 
T2-CTRL), diets replacing 22% (T1-LA) or 44% (T1-HA) of the quantity of C for 11 
T1-CTRL with AH, and diets replacing 13% (T2-LA) or 25% (T2-HA) of the quantity of C 12 
for T2-CTRL with AH. Measurements of feed intake and DG, respiration and metabolism 13 
trials were performed for 49 and 41 days in T1 and T2, respectively. Average DG did not 14 
reach the target value for HA in T1 and CTRL in T2. Energy metabolizability was slightly 15 
greater for CTRL than for LA and HA in T1 and significantly greater for CTRL than for the 16 
other groups in T2. There was no marked difference in energy metabolizability between LA 17 
and HA in the both trials. Dietary substituting AH for C did not impair the feed intake of the 18 
animals, but it did not improve feed efficiency. In terms of economic feasibility, low-level 19 
AH inclusion in the diets of growing beef cattle appeared more profitable at the 1-kg DG 20 
level as compared with CTRL and high-level AH inclusion, and should be practiced in the 21 
drylands of Gansu Province, China. 22 
23 
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Introduction 1 
 2 
The rates of beef cattle production and beef consumption are increasing rapidly in China 3 
(FAO 2015) because of the dramatic shift in dietary preferences that have coincided with 4 
the rapid economic growth and the improvement of living standards. The increase in animal 5 
feed demand has resulted in yearly increases in the quantities of imported concentrate feed 6 
ingredients and forages in China (MAFF 2013). 7 
Gansu Province is one of the major beef cattle production areas of China (National 8 
Bureau of Statistics of China 2014) and is being prioritized as a beef production area by the 9 
Chinese Government (Chinese State Committee for Development and Reform 2013). In 10 
many provinces in China, including Gansu Province, livestock grazing has been restrained 11 
to prevent the desertification of natural pastures in accordance with the directive “restore 12 
agricultural land to forest and pasture” which had issued in 2003 (Han et al. 2008). 13 
Therefore, foraging systems for confined beef cattle with both maximum utilization of 14 
roughage produced on farm and high-level production performance are needed to be 15 
established in Gansu Province. The effect of stall-feeding regimens conventionally used in 16 
Gansu Province should be evaluated to develop beef cattle production models based on 17 
harvested roughage diets in the huge dryland area of western China. Moreover, feeding 18 
studies based on locally available feeds would help to upgrade the current Chinese Feeding 19 
Standard for Beef Cattle (CFSBC) (Ministry of Agriculture of the People’s Republic of 20 
China 2004). 21 
Rong et al. (2004) reported that alfalfa has high drought tolerance, and there is strong 22 
potential to increase the area under alfalfa cultivation because of its high feeding values and 23 
economic return to farmers (Guo et al. 2007). In Huanxian County in Gansu Province, the 24 
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area under alfalfa cultivation has expanded and it accounted for 28% of all irrigated 1 
farmland in the Yellow River Basin of Gansu Province in 2006 (Hou et al. 2008). Since 2 
alfalfa grown in Gansu Province can be considered as a self-sufficient substitute for 3 
expensive commercial concentrates, utilization of the local alfalfa might reduce the beef 4 
cattle feeding cost in Gansu Province. 5 
Simmental crossbred is the major types of beef cattle kept by farmers in Gansu 6 
Province. Currently, there is an absence of data from both in vivo and in situ studies on the 7 
energy utilization status of conventional beef cattle diets in Gansu Province and the effects 8 
of alfalfa hay (AH) feeding on energy metabolizability. Hence, by performing two seasonal 9 
feeding trials (in the warm and cool seasons) and energy balance trials, we aimed to 10 
evaluate the effect of AH feeding level on the body weight (BW) gain, efficiency of dietary 11 
energy utilization, and feeding cost of growing Simmental cattle in Gansu Province, China. 12 
 13 
Materials and methods 14 
 15 
Study site 16 
The experiment was conducted at the Linze Research Station of the College of Pastoral 17 
Agriculture Science and Technology, Lanzhou University, located in Linze County, Gansu 18 
Province, China (Figure 1). The research station is located at latitude 39.24°N and 19 
longitude 100.06°E, and its elevation is 1390 m above sea level (Zhu et al. 1997). The total 20 
precipitation in 2013 was 89 mm, all of which fell from May to September. The annual 21 
average temperature in the same year was 8.3 °C. The average temperature in the warm 22 
season (from August to September) and the cool season (from September to November) in 23 
2013 was 18.1 and 7.7 °C, respectively (data supplied from the Linze Research Station). 24 
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The study site is categorized as a typical arid zone (United Nations Environment 1 
Programme 1997). 2 
 3 
Cattle, diets, and feeding management 4 
Two feeding trials were conducted, from 6 August to 16 September 2015 (trial 1 (T1) in the 5 
warm season) and from 24 September to 27 October 2015 (trial 2 (T2) in the cool season), 6 
with the aim of achieving a 1-kg daily gain (DG). Eighteen male crossbred Simmental 7 
calves with a mean body weight (BW) of 175.8±23.8 kg (7 months of age) and with a mean 8 
BW of 218.8±27.4 kg (8 months of age) were purchased from a local calf market and used 9 
for T1 and T2, respectively. We have conducted an interview to beef cattle farmers on their 10 
feeding management, and concluded that the amount of concentrate feeding were markedly 11 
higher in the cool season than in the warm season in Gansu province. In designing 12 
experimental feeding regimens, we considered the conventional feeding practices of beef 13 
cattle farmers in Gansu Province. 14 
Based on the initial BW, the 18 calves in each trial were allocated to one of the 15 
following three dietary treatments, namely a conventional feeding group (control (CTRL), 16 
n = 6), a low-level AH feeding group (LA, n = 6) and a high-level AH feeding group (HA, 17 
n = 6). In the CTRL groups of T1 and T2 (T1-CTRL, T2-CTRL), allocated calves were 18 
offered corn stover (CS) as a sole forage diet together with concentrate feed (C). The diet 19 
fed to the CTRL group in T1 and T2 was designed in reference to the conventional diets 20 
used by beef cattle farmers in Gansu Province. The calves in the LA group were offered CS 21 
with a low level of AH and C; those in HA group were offered CS with a high level of AH 22 
and C. The experimental diet in each treatment was designed to suffice metabolizable 23 
energy (ME) and metabolizable protein requirements for a 1-kg DG of a bull calf on the 24 
  7 
basis of the estimation equation of the AFRC (1993) and the tabular values listed in the 1 
CFSBC (2004) using weekly measured BW of the calves. Tabular values listed in the 2 
Standard Tables of Feed Composition in Japan (2009) (NARO 2010) were used when 3 
convert the digestible energy values of CS, AH and feed ingredients of C listed in CFSBC 4 
(2004) into the ME concentration. Assured nutritive values of commercial concentrate 5 
comprising C was also used to calculate the ME concentration of C. Since the ME 6 
requirement for 1-kg DG of kg–0.75 BW of calf was considered to be greater for T2 than that 7 
for T1 (CFSBC 2004), concentrate-based experimental diets were designed in T2 to suffice 8 
the ME requirement by taking account of the estimated DM intake (DMI) calculated by the 9 
equation of AFRC (1993). In T1-LA, 22% (on a dry matter (DM) weight basis) of the daily 10 
allowance of C in T1-CTRL was replaced with AH; in T1-HA, 44% of the daily C in 11 
T1-CTRL was replaced with AH. In T2-LA, 13% of the daily C in T2-CTRL was replaced 12 
with AH; and in T2-HA, 25% of the daily C in T2-CTRL was replaced with AH. 13 
The CS and AH used in T1 and T2 were produced at the Linze Research Station of the 14 
College of Pastoral Agriculture Science and Technology. The CS used in the both trials was 15 
harvested in September 2014. The AH used in this experiment was harvested in May 2015 16 
(first-cut hay, harvested before the bloom stage of growth in 2015) for T1, and in July 17 
(second-cut hay) and September (third-cut hay) 2015 for T2. The AH used for T1 and T2 18 
was coarsely chopped, mixed and stored for use as the experimental feed. The C consisted 19 
of commercial concentrate (31%), wheat bran (10%) and corn grain (59%). The corn grain 20 
was produced at the Linze Research Station in September 2014. Throughout the feeding 21 
trials, the calves were housed in individual pens and had free access to fresh water and 22 
mineral blocks. Coarsely chopped CS and AH (5- to 10-cm lengths) and C were offered via 23 
a separate trough for each animal as separate meals each day. The chopped roughage was 24 
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offered twice a day (07.30 and 19.30 hours), and C was offered once a day at 14.30 hour. 1 
 2 
Measurements and sample collection 3 
In both T1 and T2, the amount of feed offered and the orts were weighed and recorded daily 4 
throughout the experimental period to calculate daily feed intake. Representative samples 5 
of CS, AH, and C were collected several times during the feeding study and composited for 6 
analyses of their chemical composition. The calves were weighed at the beginning and the 7 
end of the feeding study, as well as weekly. On the basis of the BW of the animals, the feed 8 
provision level for each animal allocated to the CTRL, LA, and HA groups was calculated 9 
weekly. 10 
At the conclusion of the feeding trials, respiratory measurements were conducted for 2 11 
days, following 5-days adaptation, at the Linze research station for 15 calves in T1 and 12 12 
calves in T2 (selected from the three dietary groups, i.e. five calves in T1 and four calves in 13 
T2 per group) by using ventilated open-circuit respiration chambers. Oxigen consumption 14 
and CO2 and CH4 production were measured by both infrared absorption based gas 15 
analyzer (CO2 and CH4) and paramagnetic-based O2 gas analyzer (VA-3000, Horiba Ltd., 16 
Kyoto, Japan). Daily heat production (HP) by each animal was calculated by using the 17 
equation of Brower (1965). The ME for maintenance (MEm) of male calves was estimated 18 
by using a linear regression equation between net energy (NE) intake (obtained by 19 
subtracting HP from ME intake (MEI)) and MEI, with both expressed on the basis of 20 
metabolic body size (kg0.75 BW), as presented by Freetly et al. (2006). During the 21 
respiration trial, experimental diets were offered to the animals on the same schedule as in 22 
the feeding trials. During a 5-days period of adaptation of the animals to the respiration 23 
chamber and 2 days of respiratory measurement, total urine collection and spot feces 24 
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collection were conducted to determine the daily urinary and fecal gross energy (GE) 1 
excretion of calves allocated to the CTRL, LA and HA groups. Excreted urine was 2 
collected into a container containing 50 mL of 10% (v/v) H2SO4 to keep urine pH below 3. 3 
Urine samples (about 100 mL) were taken from each animal and stored at –15 °C for 4 
further analysis. Daily fecal excretion was estimated by using acid detergent lignin (ADL) 5 
as an internal marker to determine digestibility. 6 
 7 
Chemical analysis 8 
Collected feed and fecal samples were dried at 60 °C in a forced-air oven. The dried 9 
samples were ground and sieved to pass through a 1-mm screen. The concentrations of GE, 10 
DM, crude protein (CP), ash-free neutral detergent fiber (NDFom) and ADL in the dried 11 
feed samples and fecal samples were determined. Urine samples were determined for GE 12 
concentrations. The concentrations of DM and CP were determined by using the method of 13 
the Association of Official Analytical Chemists (AOAC 1984). The concentrations of 14 
NDFom and ADL were determined by the procedure of Van Soest et al. (1991). The GE 15 
concentration of the samples was determined with a bomb calorimeter (CA-4AJ, Shimadzu 16 
Corp., Kyoto, Japan). Urine samples were freeze-dried for 48 hours in a freeze dryer 17 
(VD550R, Taitec Corp., Koshigaya, Japan), and the GE concentration was determined with 18 
the bomb calorimeter (CA-4AJ, Shimadzu Corp.). 19 
 20 
Economic analysis 21 
To examine the effect of substituting AH for C in terms of economic feasibility, the 22 
differences in feeding cost among the dietary treatment groups were calculated in both T1 23 
and T2. Feed cost was calculated as the sum of expenses for purchase of alfalfa hay and 24 
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commercial concentrate by using their market price (1.7 yuan kg–1 for alfalfa hay, 2.9 yuan 1 
kg–1 for concentrate) and the daily intake of AH and C for each cattle obtained in T1 and T2. 2 
In addition, the economic benefit of the calves’ DG was estimated by subtracting the feed 3 
cost from the expected income (profit) from DG calculated with the market price of calves 4 
(22 yuan kg–1 BW). The estimates were converted at the rate of 1 US$ = 6.36 yuan (based 5 
on the averages between 6 August and 1 November 2015). 6 
 7 
Statistical analysis 8 
Differences in means among the three groups in each trial were tested by using one-way 9 
ANOVA and Tukey’s test. Possible seasonal differences in the efficiency of energy 10 
utilization were not considered because of the difference in feeding regimen in T1 and T2. 11 
All statistical analyses were performed with statistical software R (Version 3.1.1, The R 12 
Foundation for Statistical Computing, Vienna, Austria). Dietary effect was considered 13 
significant at P ≤ 0.05. 14 
 15 
Results and discussion 16 
 17 
Chemical composition of diet 18 
The GE concentration and chemical composition of CS did not differ between T1 and T2 19 
(Table 1). Minson (1980) reported that at least a CP concentration of 8% (on a DM basis) is 20 
needed if forage is given as a sole diet to ruminants. The concentrations of CP in CS ranged 21 
from approximately 4 to 5% on a DM basis and that of NDFom was about 70% of DM, 22 
indicating that CS could not be used as the basal diet for beef cattle to achieve high levels 23 
of production; thus a concentrate or a leguminous forage supplement should be needed to 24 
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achieve 1-kg DG in crossbred Simmental male calves when fed CS as the basal forage. 1 
Reflecting the differences in harvesting stage of alfalfa, the concentrations of CP, NDFom 2 
and ADL of AH differed slightly between T1 and T2. The CP concentrations of AH in T1 3 
and T2 (15.8 and 12.0% on a DM basis, respectively) were lower than the tabular values 4 
listed by NARO (2010) (ranging from 19.1 to 21.8% on a DM basis) but were close to the 5 
value listed in CFSBC (2004) (13.1% on a DM basis). Our finding, the CP concentrations 6 
of AH in the both trials were close to that of C, suggests that it may be possible to replace C 7 
with AH to provide CP in CS based diet feeding for beef calves. The NDFom and ADL 8 
concentrations of the second- and third-cut AH in T2 were slightly higher than those of the 9 
first-cut AH in T1. The NDFom concentrations in AH harvested before the bloom stage 10 
were shown to vary from 36.0 to 39.3% on a DM basis (NARO 2010), the higher NDFom 11 
concentrations of AH that we obtained might have been caused by unavoidable 12 
contamination at harvest with other poaceous forage crops grown at the research station. 13 
The difference in the NDFom of C between T1 and T2 might be likely a result of variations 14 
in the nutrients concentration of the wheat bran and corn grain added to the commercial 15 
concentrate. 16 
The daily feed allowance for calves at the start of T1 and T2 are shown in Table 2. As 17 
described above, the feed allowance for each animal was calculated weekly on the basis of 18 
the BW with keeping the feed proportion of the feeding treatments in each trial. The values 19 
shown in Table 2 were those fed at 175.8 kg and 218.8 kg BW in T1 and T2, respectively. 20 
The estimated CP concentration of the diets fed to the calves ranged from 8.9 to 9.7% on a 21 
DM basis in T1 and from 11.7 to 11.9% on a DM basis in T2 (Table 2). The estimated 22 
NDFom concentration of the diets ranged from 45.1 to 52.5% on a DM basis in T1 and 23 
from 29.1 to 37.5% on a DM basis in T2. The estimated NDFom concentration tended to 24 
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increase as AH feeding level increased. In contrast, the variation in estimated CP 1 
concentration among the feeding groups in each of T1 and T2 was less than that of the 2 
estimated NDFom concentration. The ADL concentrations were more than 2% on a DM 3 
basis for all of the diets, and were sufficiently high eligible to use as an internal marker to 4 
estimate fecal DM excretion (Munitifering 1982). 5 
 6 
Feed intake, metabolizable energy intake, daily gain, feed efficiency, and digestibility 7 
The average feed intakes of the calves over the 1-month period of each feeding trial are 8 
summarized for each feeding group in Table 3. Feed refusal of C was observed for the 9 
CTRL group in both T1 and T2. The refusal of forage (CS and AH) for T2-HA (0.13 kg 10 
DM day–1) appeared to be greater than that for T2-CTRL (0.03 kg DM day–1) and T2-LA 11 
(0.07 kg DM day–1). There were no significant differences in total DMI, expressed as kg 12 
day–1 and % BW, among the T1 feeding groups. The NDFom concentration of daily 13 
ingested feed (on a DM basis) for T1-CTRL, T1-LA and T1-HA was calculated as 39.9, 14 
44.3 and 49.5%, respectively, and it appeared to increase with increasing AH feeding level. 15 
Forage fiber concentration clearly affects voluntary feed intake through the physical 16 
regulation caused by the rumen fill (Ichinohe et al. 1994). In contrast, Hales et al. (2014) 17 
has reported no difference in DMI when alfalfa hay is substituted at various mixing ratios 18 
for concentrate-based diets. Our results in T1 also revealed that dietary substitution with 19 
AH, regardless of the consequent increase in NDFom intake, did not reduce the total DMI. 20 
In T2, however, total DMI (kg day–1 and % BW) differed significantly (P < 0.05) among 21 
the three feeding groups; that for T2-CTRL had the lowest value, and the total DMI for 22 
T2-HA was significantly greater (P < 0.05) than that for T2-LA. The NDFom concentration 23 
of the ingested feed (on a DM basis) for T2-CTRL, T2-LA and T2-HA was calculated to be 24 
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33.3, 37.5 and 40.7%, respectively. As observed in T1, they increased with increasing AH 1 
feeding level. Opposite to the result observed in T1, the increase of NDFom intake with 2 
increasing AH feeding level resulted in the significant increase in total DMI in T2. Our 3 
results for total DMI in T2 supported the findings of a study of growing ruminants by 4 
Defoor et al. (2002), in which they suggested that growing heifers ate more with increasing 5 
NDFom concentration of the diet to compensate for the reduction in dietary energy intake. 6 
Furthermore, the result of feed intake in T2 appeared to indicate that differences in the 7 
dietary forage to concentrate ratio affected feed intake as suggested by McCarthy et al. 8 
(1989), Krause et al. (2002) and Oba and Allen (2003). Kennedy and Murphy (1988) 9 
reviewed digesta particle outflow from the rumen, and summarized that additionally to the 10 
physiological rumen fill caused by forage feeding, the cold temperature also enhanced 11 
rumen digesta outflow rate. Hence, it was thought that both of cold temperature in October 12 
2015 at Linze research station and differences in the ruminal NDFom contents caused by 13 
the differed NDFom intake might have resulted in the significant differences in total DMI 14 
among the treatments in T2. Our results suggested that a dietary AH allowance up to 50% 15 
of C in warm season to 80% of C in cool season (Table 3) did not have any detrimental 16 
effects on feed intake in the both trials. 17 
We calculated the average daily MEI and DG of the calves (Figure 2). The MEI did not 18 
differ significantly among the feeding groups in T1, although T1-HA group showed slightly 19 
lower value than the other feeding groups (P > 0.05). In contrast, the MEI was significantly 20 
higher (P < 0.05) for T2-HA than for T2-CTRL, and it did not differ between T2-LA and 21 
T2-HA. Over the 1-month feeding period, the values of MEI expressed as a percentage of 22 
the ME required for 1-kg DG in male calves were calculated as the following: 97% for 23 
T1-CTRL, 90% for T1-LA, 78% for T1-HA, 98% for T2-CTRL, 108% for T2-LA and 24 
  14 
119% for T2-HA. No significant difference in MEI between T2-CTRL and T2-LA or 1 
between T2-LA and T2-HA was detected (P > 0.05; Figure 2). The average DG values (kg 2 
day–1) throughout the observation period were calculated for T1-CTRL, 0.9; T1-LA, 1.0; 3 
T1-HA, 0.6; T2-CTRL, 0.7; T2-LA, 1.2 and T2-HA, 1.2. The lower average DG for T1-HA 4 
than those for the other groups in T1 (P < 0.05) might be caused by the numerically lower 5 
MEI for T1-HA. The value of average DG for T2-CTRL was significantly lower (P < 0.05) 6 
than those for the other groups in T2, whereas those for T2-LA and T2-HA did not differ 7 
significantly (P > 0.05). The average DG achieved the target growth performance for 8 
T2-LA and T2-HA in T2 as designed. Hales et al. (2014) reported that the retained energy 9 
(RE) for BW gain in finishing beef cattle decreased as dietary concentration of AH 10 
increased. The numerically lower MEI for T1-HA than for T1-CTRL and T1-LA might 11 
have reduced the RE in T1-HA as compared with those in the other two groups, and thus 12 
resulted in the significantly lower DG value (P < 0.05). However, the lack of DG difference 13 
between T1-CTRL and T1-LA indicated that the AH feeding level in T1-LA treatment did 14 
not cause the RE depression that might have been thought to be occurred in the T1-HA 15 
group. The lower DG value observed in T2-CTRL as compared with those in the other two 16 
groups in T2 may have been attributable to the lower intake of C in T2-CTRL. As indicated 17 
in Table 2 and Table 3, daily consumption of C accounted for 65% of allowance (4.8 kg 18 
DM day–1) in T2-CTRL group. Since T2-CTRL treatment was not able to suffice the ME 19 
requirement to achieve the target 1-kg DG, concentrate allowance of T2-CTRL appeared to 20 
be too much when fed CS based diet to growing calf in the cool season in Gansu Province. 21 
Our results for average MEI and DG suggested that AH provision at the LA-group in both 22 
T1 and T2 had no negative effect on energy retention for BW gain of growing male calves. 23 
The trend of the average feed conversion ratio (FCR) among the three feeding groups 24 
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differed between T1 and T2 (Table 3). The value of FCR for T1-CTRL and T1-LA did not 1 
differ from each other but was significantly higher (P < 0.05) than that for T1-HA. The 2 
FCR values in T1 paralleled the average DG (Figure 2), indicating that the T1-LA diet was 3 
comparable to a conventional concentrate-based diet in Gansu Province in the warm season. 4 
The FCR did not differ significantly between the feeding groups in T2, but it was 5 
numerically higher for T2-LA than for the other feeding groups. Although there was no 6 
clear relationship between DG and FCR in T2, the merit of low-level substitution of AH for 7 
C, as compared with high-level AH feeding, was thus emphasized in both T1 and T2. 8 
The digestibility of DM, CP and NDFom in the three feeding groups did not differ 9 
significantly in T1 (P > 0.05, Table 3). Conversely, the digestibility of DM, CP and NDFom 10 
for T2-CTRL was significantly higher than for T2-LA and T2-HA (P < 0.05). Afore 11 
discussed, the depression of NDFom digestibility for AH feeding groups in T2 might have, 12 
partly, been explained by a higher outflow rate of rumen digesta in the cool season 13 
(Kennedy and Murphy 1988). The difference in AH feeding level between LA and HA did 14 
not affect nutrient digestibility in the both trials. 15 
 16 
Energy utilization efficiency 17 
Gross energy intake did not differ significantly (P > 0.05) among the feeding groups in T1, 18 
whereas it differed significantly (P < 0.05) among the feeding groups in T2 with showing 19 
the highest value for T2-HA, followed by T2-LA and then T2-CTRL (Table 4). In T1, the 20 
energy digestibility of the feeding groups did not differ significantly (P > 0.05), although 21 
the increase in fecal energy excretion (from 528.2 for T1-CTRL to 633.5 kJ kg–0.75 BW day–22 
1 for T1-HA; data not shown) with increasing AH feeding level resulted in the slight 23 
decrease in energy digestibility. In contrast, energy digestibility was significantly (P < 0.05) 24 
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greater for T2-CTRL than for the other two groups; in T2, the values were in the reverse 1 
order of ranking of total DMI (Table 3). As was the trends observed for digestion 2 
coefficients of gross energy in the two trials, energy metabolizability did not differ among 3 
groups in T1 (P > 0.05), but it was significantly greater (P < 0.05) for T2-CTRL than for 4 
the other T2 groups. Plausibly, the lack of difference in MEI and energy metabolizability (P 5 
> 0.05) between T2-LA and T2-HA might explain the lack of difference in DG between 6 
these two groups (Figure 2). Increasing the dietary substitution rate of AH did not markedly 7 
improve energy metabolizability in T1 and T2. In both T1 and T2, CH4 production was 8 
significantly greater for the HA feeding group than for the other two groups (P < 0.05). 9 
Hales et al. (2014), in a study using dry-rolled corn-based diets supplemented with AH, 10 
reported that fecal energy loss and methane production increased with decreasing energy 11 
digestibility as the AH feeding level increased owing to an increase in NDF intake and 12 
coinciding decrease in NDF digestibility. The numerical and significant differences in 13 
NDFom digestibility were observed in T1 and T2, respectively, and the relationship across 14 
CH4 production, NDFom digestibility and NDFom intake observed in the current study 15 
appeared to be consistent with those of Hales et al. (2014).  16 
The values for energy digestibility and metabolizability (Table 4) agreed with the results 17 
of Liu et al. (2013), who calculated 66% energy digestibility and 58% energy 18 
metabolizability in Xiangzhong Black bulls. There was no large difference between 19 
crossbred Simmental calves and other breeds in terms of energy metabolizability. On the 20 
other hand, MEm, which was calculated as 652 kJ kg–0.75 BW day–1 in T1 and 600 kJ kg–0.75 21 
BW day–1 in T2 (Figure 3), seemed to be higher than the previous reported values of 469 kJ 22 
kg–0.75 BW day–1 (Henrique et al. 2005), 460 kJ kg–0.75 BW day–1 for Nelore bulls, 485 kJ 23 
kg–0.75 BW day–1 for Nelore steers (Tedeschi et al. 2002), 506 kJ kg–0.75 BW day–1 for 24 
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Chinese water buffalo (Qin et al. 2011) and 506 kJ kg–0.75 BW day–1 for Xiangzhong Black 1 
bulls (Liu et al. 2013). This suggests that the relatively larger MEm requirement of 2 
crossbred Simmental bull calves might have resulted in a large ME requirement for BW 3 
gain than that of other species. 4 
In this study, T1-LA, T2-LA and T2-HA treatment exceeded the targeted DG value, and 5 
the ratio of DG to MEI (DG ME–1, in g MJ–1 day–1) was calculated as 23.2, 20.1 and 19.3 6 
for T1-LA, T2-LA and T2-HA, respectively. These values were higher than those reported 7 
previously as 19.2 g MJ–1 day–1 for Zebu cows and 15.7 g MJ–1 day–1 for Brown Swiss 8 
cows (Jose et al. 2010) and were lower than that of 31.1 g MJ–1 day–1 in Xiangzhong Black 9 
bulls (Liu et al. 2013). Thus the ME utilization efficiency for BW gain for crossbred 10 
Simmental bull calves appeared to be lower than that for Chinese indigenous Xiangzhong 11 
Black cattle. The less ME utilization efficiency of crossbred Simmental male calves 12 
suggested the need for greater energy allowance to ensure a target production performance 13 
as compared with Xiangzhong Black cattle. 14 
The experimental group that achieved 1-kg DG, T1-LA, T2-LA and T2-HA group was 15 
estimated to suffice 113, 125 and 136% of the NE requirement for maintenance and 16 
fattening (NEmf) (CFSBC 2004), respectively. The NEmf provision estimates by CFSBC 17 
(2004) appeared to be lower than the actual NE intakes of the calves in each feeding group. 18 
Liu et al. (2013) reported that 13-months-old Xiangzhong Black cattle achieved BW gain 19 
of 1 kg day–1 and the animal growth performance was well mirrored by the NEmf of 20 
CFSBC (2004). This suggests that there is a difference among breeds in the extent to which 21 
they meet the NE requirement for BW gain based on the estimation equation of CFSBC 22 
(2004). These differences among cattle breeds should be incorporated into the current 23 
CFSBC (2004) to predict NE requirements of beef cattle accurately at a given production 24 
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level. 1 
 2 
Economic evaluation of feeding AH to calves 3 
We found a significant decrease from T1-LA to T1-HA and a significant increase from 4 
T2-CTRL to T2-HA in feed costs (P < 0.05) (Table 5), due to a decrease in DMI of C 5 
relatively more than an increase of DMI of AH from T1-LA to T1-HA, and an increase in 6 
DMI of AH without a decrease in DMI of C from T2-CTRL to T2-LA and T2-HA (Table 3). 7 
The feed costs of LA groups in both trails were numerically less than T1-CTRL for T1 and 8 
significantly less than T2-HA for T2, respectively. The groups that achieved a 1-kg DG 9 
were T1-LA, T2-LA and T1-HA (Figure 2). The feed cost was lower (P < 0.05) and the 10 
economic benefit was numerically higher for T2-LA than for T2-HA. In order to achieve a 11 
1-kg DG, feeding AH at the LA level seemed preferable in terms of economic feasibility in 12 
Gansu Province. 13 
 14 
Conclusions 15 
 16 
Replacement of C with AH at differing levels did not cause DMI depression associated 17 
with increased NDFom intake, but high level AH feeding caused an increase in methane 18 
emission. The AH supplementation at a low level increased the DG of growing beef calves. 19 
Energy metabolizability did not differ significantly between the low-level AH diet and the 20 
high-level AH diet. Considering the importance of economic feasibility, the low-level AH 21 
diet gave a relatively high economic benefit. Low-level AH inclusion in the diets of 22 
growing beef cattle is preferably practiced in the drylands of Gansu province, China. As the 23 
DMI and DG lowered for T2-CTRL than for the other groups in T2, the feeding practice 24 
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allowing diet with being relatively high proportion of concentrate in the cool season may 1 
have to be carefully considered. The MEm requirements of crossbred Simmental calves 2 
were calculated to be higher than for other breeds, suggesting that the energy allowance 3 
needs to be carefully calculated to ensure the energy requirement of crossbred Simmental. 4 
To our knowledge, this is the first report of the determination of energy metabolism using a 5 
respiration trial in beef cattle fed domestic basal forages produced in Gansu Province, 6 
China. In conjunction with an energy metabolism study, further evaluation of the nitrogen 7 
utilization status of growing Chinese Simmental beef calves will be needed to establish a 8 
feeding regimen appropriate to the drylands of western China. 9 
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Table 1 Gross energy concentration and chemical composition of feed ingredients of 
experimental diets fed to Simmental beef calves 
Item GE, kJ g–1 DM Chemical composition, % DM 
CP NDFom ADL 
Trial 1     
Corn stover 16.3 5.2 70.3 5.7 
Alfalfa hay 16.7 15.8 52.2 7.5 
Concentrate‡ 17.6 13.1 17.1 2.2 
Trial 2     
Corn stover  16.2 4.3 72.0 5.1 
Alfalfa hay†  16.5 12.0 52.8 8.7 
Concentrate‡ 17.7 12.8 23.4 2.4 
ADL, acid detergent lignin; CP, crude protein; DM, dry matter; GE, gross energy; 
NDFom, ash-free neutral detergent fiber. 
Trial 1 was conducted in the warm season (from 6 August to 23 September 2015). 
Trial 2 was conducted in the cool season (from 24 September to 3 November 2015). 
†Mixture of the offered alfalfa hay harvested in July and September 2015 (mixed ratio 
=50:50) were analyzed. 
‡Concentrate comprised of 59.0% of corn grain, 31.1% of commercial concentrate 
(comprising soybean meal, sunflower meal, rape seed meal and cotton seed meal, urea, 
sodium chloride, vitamin and mineral premix; composition not clear), and 9.9% of 
wheat bran as fed basis. 
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Table 2 Feed allowance and chemical composition of experimental diets fed to Simmental beef calves 
Item Trial 1  Trial 2 
T1-CTRL T1-LA T1-HA  T2-CTRL T2-LA T2-HA 
Feed ingredient†, kg DM day–1        
Corn stover 3.0 3.0 3.0  0.6 0.6 0.6 
Alfalfa hay 0.0 0.7 1.4  0.0 1.0 1.9 
Concentrate 2.7 2.1 1.5  4.8 4.2 3.6 
Chemical composition‡, % DM        
CP 8.9 9.3 9.7  11.9 11.8 11.7 
NDFom 45.1 48.9 52.5  29.1 33.7 37.5 
ADL 3.4 4.0 4.7  2.9 4.3 5.2 
ADL, acid detergent lignin; CP, crude protein; DM, dry matter; NDFom, ash-free neutral detergent fiber  
Trial 1 and Trial 2: for details, see footnote to Table 1. 
T1-CTRL and T2-CTRL, no alfalfa hay feeding (control); T1-LA and T2-LA, low level of alfalfa hay feeding; T1-HA 
and T2-HA, high level of alfalfa hay feeding. 
†Calculated by using the equation of AFRC (1993) on the basis of the initial body weight of male calves for Trial 1 
(175.8 kg on average) and Trial 2 (218.8 kg on average) to suffice the metabolizable energy requirement for a 1-kg daily 
gain. 
‡Values were estimated on the basis of the chemical composition of feed ingredients (Table 1) and the ingredient 
compositions of the experimental diets. 
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Table 3 Feed intake, daily gain, feed efficiency, dietary energy intake, and digestibility in Simmental beef calves 
Item Trial 1  Trial 2 
T1-CTRL T1-LA T1-HA SEM  T2-CTRL T2-LA T2-HA SEM 
Feed intake          
Corn stover, kg DM day–1 1.5 1.8 2.0 0.02  0.8 0.8 0.8 0.00 
Alfalfa hay, kg DM day–1 0.0 0.4 0.9 0.01  0.0 1.2 2.4 0.01 
Concentrate, kg DM day–1 3.1 2.7 1.8 0.10  3.1 3.3 3.1 0.12 
Total DMI, kg day–1 4.6 4.9 4.7 0.11  3.8c 5.3b 6.3a 0.12 
Total DMI, % BW 2.4 2.5 2.6 0.10  1.7c 2.2b 2.6a 0.08 
Feed conversion ratio, kg DG day–1 kg–1 DMI 0.20a 0.21a 0.13b 0.02  0.18 0.23 0.18 0.02 
Digestibility, %          
 DM 64.6 60.8 59.3 5.44  76.7a 66.0b 62.5b 1.53 
  CP 58.6 55.5 59.7 7.04  72.9a 62.9b 61.3b 2.36 
  NDFom 52.6 50.7 49.2 6.28  60.1a 49.4b 48.2b 2.40 
Trial 1, Trial 2, T1-CTRL, T1-LA, T1-HA, T2-CTRL, T2-LA, and T2-HA: for details, see Tables 1 and 2 or the Materials and methods 
section of the text. 
BW, body weight (kg); CP, crude protein; DG, daily gain; DM, dry matter; DMI, dry matter intake; NDFom, ash-free neutral detergent 
fiber; SEM, standard error of the mean. 
a, b, c Means with different superscripts within a row for each of Trial 1 and Trial 2 differ significantly (P ≤ 0.05). 
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  Table 4 Energy utilization efficiencies and methane emission in Simmental beef calves 
Items Trial 1  Trial 2 
T1-CTRL T1-LA T1-HA SEM T2-CTRL T2-LA T2-HA SEM 
Gross energy intake, kJ kg–0.75 BW day–1 1543.0 1612.4 1592.7 42.1  1157.7c  1482.6b  1767.1a  40.4 
Energy digestibility (DE GE–1), % 65.2 60.8 59.2 5.4  77.1a 66.7b 63.5b 1.7 
Energy metabolizability (ME GE–1), % 58.6 54.4 51.7 5.5  67.2a 57.9b 55.6b 1.6 
Methane production, L kg–0.75 BW day–1 1.6b 1.8b 2.2a 0.1  1.6b 2.0b 2.5a 0.1 
Trial 1, Trial 2, T1-CTRL, T1-LA, T1-HA, T2-CTRL, T2-LA, and T2-HA: for details, see Tables 1 and 2 or the Materials and 
methods section of the text. 
BW, body weight; DE, digestible energy; GE, gross energy; ME, metabolizable energy; SEM, standard error of the mean. 
a, b Means with different superscripts within a row for each of Trial 1 and Trial 2 differ significantly (P ≤ 0.05). 
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  Table 5 Economic evaluation of alfalfa introduction for feeding growing Simmental bull calves in Gansu Province 
Item Trial 1  Trial 2 
T1-CTRL T1-LA T1-HA SEM  T2-CTRL T2-LA T2-HA SEM 
Feed cost, US$ day–1 head–1 1.64a 1.55a 1.28b 0.06  1.70c 2.20b 2.47a 0.07 
Profit†, US$ day–1 head–1 3.24a 3.57a 2.19b 0.26  2.38b 4.16a 3.97a 0.42 
Economic benefit‡, US$ day–1 head–1 1.60ab 2.03a 0.91b 0.27  0.68 1.96 1.50 0.44 
Trial 1, Trial 2, T1-CTRL, T1-LA, T1-HA, T2-CTRL, T2-LA, and T2-HA: for details, see Tables 1 and 2 or the Materials and 
methods section of the text. 
SEM, standard error of the mean. 
Values for feed cost were calculated on the basis of the results for feed intake (Table 3) as obtained in the feeding trials. 
†Calculated by multiplying DG (Figure 2) by the market price of a growing calf. 
‡Calculated by subtracting the feed cost from the profit†. 
a, b Means with different superscripts within a row for each of Trial 1 and Trial 2 differ significantly (P ≤ 0.05). 
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Figure legends 
 
Figure 1 Locations of Gansu Province and Linze Research Station of Lanzhou University, 
and the eight western provinces prioritized for beef production in China. 
 
Figure 2 Metabolizable energy intake and daily gain of calves. CTRL, control group; LA, 
low-level alfalfa hay feeding group; HA, high-level alfalfa hay feeding group. a, b Means of 
metabolizable energy intake and daily gain with different superscripts within each of Trial 1 
and Trial 2 differ significantly among the three feeding groups (P ≤ 0.05). Empty bars, 
Metabolizable energy intake (kJ kg–0.75 BW day–1); solid bars, Daily gain (g day–1). 
 
Figure 3 Linear regression of net energy intake (NEI, f(x)) and metabolizable energy intake 
(MEI, x) of calves in Trial 1 (warm season) and Trial 2 (cool season). The NEI was 
estimated as MEI – HP (heat production). Units are expressed on a metabolic body size 
basis (kJ kg–0.75 BW day–1). Trial 1: f(x) = 1.02 ± 0.06 x – 663 ± 60.4, R2 = 0.90, n = 30. 
Trial 2: f(x) = 0.77 ± 0.10 x – 462 ± 120.3, R2 = 0.71, n = 24. Metabolizable energy for 
maintenance (MEm) is the interpolant of x at the point where f(x) is zero. 
Linze Research Station
Lanzhou Univ.
Gansu Province
Western 8 provinces 
prioritized for beef 
production
Figure 1 Locations of Gansu Province and Linze Research Station of Lanzhou University in the eight western provinces prioritized
for beef production in China.
0200
400
600
800
1000
1200
CTRL LA HA
b
a a
b
ab
a
Trial 2
0
200
400
600
800
1000
1200
CTRL LA HA
a
a
b
Trial 1
Figure 2 Relationship between metabolizable energy intake and daily gain among groups in trial 1 and trial 2.
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Figure 3 Relationship between differences of metabolizable energy intake and heat production and metabolic energy intake of
each cattle, per metabolic body size.
